Abstract. The article deals with the methods of identifying fast neutron age in sodium (Na) and uranium-238 ( 238U ); describes the model of advanced and effective fast neutron nuclear reactors (FN), where Na is a coolant while 238U is involved in the fuel cycle in large quantities; justifies the choice of the group method for calculating the neutron age value in the substances mentioned above that can show the accuracy of the used constants for Na and estimate various versions of multilevel description of neutron moderation in 238U -the most powerful resonance absorber of the neutron reactor active zone.
Introduction
The idea of the fast reactor was first put forward by E. Fermi during 1940s and independently from him by or fellow Russian physicist A. Leipunskii. However, only by the 50s of our century it will have become possible to hope that there will be a programme of changing into these effective but expensive nuclear reactors. The fuel for them can be a more widespread 238U and 232Th and the coolant -sodium which vital neutronic characteristics are analysed in this paper [1] .
Fast neutron ageing is connected with their migration in the moderating process. This characteristic is important while calculating the active zone of the atomic reactor as it determines the slowing down neutron leakage. The reconciliation of the theoretical and experimental methods of identifying neutron age shows the choice validity of the nuclearphysical constants. The nuclear-physical constants are meant mostly for engineer-physicists for reactor development, operation and protection. These characteristics are constantly renewed while obtaining new experimental and theoretical results and are generalized in the relevant reference books and library database.
The peculiarities of the analysed elements
In the research works dedicated to age calculation in graphite [2] and in sodium [3] the group constants were used that helped to get the results that go in accordance with either direct measurement or with the calculation based on the previously established group consonants [5] . The peculiarity of graphite, the first nuclear reactors moderator, is the absence of resonance while moderating from 2 MeV till indic resonance E=1.46 eV. The peculiarity of neutron moderation in sodium structure 238U is resonance absorption ( fig.  1) .
Fig. 1.
Microscopic transport cross-section of carbon, sodium and uranium 238U depending on average lethargy value in groups.
Basic energy characteristics 28-group constants are demonstrated in tab. 1, where n Е shows group energy range while u corresponds to the lethargy average value in the group. μ -average cosine of the scattering angle, calculated without including the group of neutron after scattering; ζ -average lethargy increment under elastic scattering (average logarithmic decrement). General type of some mentioned characteristics dependence is shown in fig. 2 .
Fig. 2. Sodium characteristics in interval 4-23 groups of the 28-group constants.
The data were completed with the calculation of effective microscopic transport crosssection that is calculated using the formula tr c in s
and with the neutron removal cross-section from the group due to elastic neutron scattering with the sodium nucleus [6] 
where Δu -the group width per lethargy unit.
According to the group theoretic method [5, 6] neutron age in i-group is calculated using the following formula (1) , where 0.0254 1024 N = sm -3 -nuclear sodium concentration with the density 0.971 g / sm 3 , and the absorption cross-section is calculated using the formula:
The sun of cross-sections in (1)
σ +σ is usually called functional cross-section or cross-section removal. The neutron diffusion code in the group is equated using the formula:
Thus, formulas (1)-(3) make it possible to calculate the age in each energy group. Since we are interested in the area of moderation, that was modeled in experiments in age determination [2] , meaning lethargy diapason 0...14.125 u = which corresponds to the neutron moderation length from E0 = 2 MeV till indium resonance energy, the calculation data of age determination in groups shown in tab. 2 cover only this energy diapason. Table 2 . Age group calculation data .
As constantly used moderation borders in experiments are modeled from the average fission neutron energy spectrum equal to 2 MeV till indium resonance In Е = 1.46 eV, i.e. they are only part of 4 and 23 groups, it is important to correct the age determination in them using a simple interpolation. As in diapason of group 4 with the energy 2.5…1. There are no direct experiments in age determination in sodium that is why the results of the numerical experiment [7] were used to check the data. The above mentioned study shows that for the same moderation diapason the age value was 6616.6 sm 2 . Thus, fractional accuracy of our result is 1.3 %. 
Age determination in 238U
The difficulty in getting reliable data in uranium-238 is connected with the presence of resonance peaks in the area of moderation for the transport cross-section. Fig.1 shows strong dependence of transport cross-section of uranium-238 on energy. Basic group energy characteristics [5] are shown in tab. 1. The study [5] has reliable data concerning nuclear-physical characteristics; they are used for the reactor design and shielding. For uranium-238 there are two constant libraries that were received before 1977: ABBN-MICRO and ABBN-78. In ABBN-MICRO the cross-sections for plutonium-239 and uranium-238 have some experiment-calculation discrepancy that lead to the development of ABBN-76 where cross-section for the mentioned nuclides was improved ( fig. 3 ). Due to this fact, ABBN-78 library is recommended for design calculation. Group data take average logarithmic decrement ] from energy into account. This decrement is easily seen in the regions > 1 keV (fig. 4) . It is also necessary to take into account the fact that average scattering angle cosine P in the low-energy regions is permanent μ=2/ 2A while in the high-energy regions it decreases. According to the group theoretic method [6] neutron age in i-group is calculated in the same way as for Na from formulas (1-3). For the age calculation a part of the average group cross-sections (groups 4-23) was taken from the study [5] .
Thus, formulas (1), (2) allow us to calculate the age in each energy group. As we are interested in the moderation area that was modeled in experiments in age determination in graphite [2] : lethargy diapason u=0…14.125 that corresponds to neutron moderation length from E0 = 2 MeV till indium resonance energy In Е = 1.46 eV, the calculation data of neutron age in uranium-238 in groups shown in tab. 3 cover only this energy diapason
As the required borders are only part of 4 and 23 groups, it is necessary to correct the age determination in them using a simple interpolation. As in diapason of group 4 with the energy 2.5…1.4 MeV neutron age while moderating in this energy interval is calculated WI = 11.496 sm 2 , it is obvious that in interaval 2.0…1.4 MeV the age equals 6.271 sm 2 , and in the last 24 group -16.123 sm 2 . Table 3 . Calculation data of group age in the constant libraries.
Due to age calculation data in two libraries it is clear that there is a discrepancy in groups 5-14 ( fig. 4) . 177.53
MeV ... eV i sm τ = ¦ The calculated data differ by 9 %. It is impossible to judge the accuracy of the results as there are no experimental data. In [8] there is the age value in uranium-238 that was calculated by IPPE even before 1969. According to the analytic results of IPPE the neutron age in uranium-238 at moderation till indium resonance energy equals 288.6 sm 2 which means that the fractional accuracy of our results is 38.5 %.
